Background Heterotopic ossification (HO) is a wellknown complication after total hip and knee arthroplasty. But limited studies have focused on prevalence of HO following cervical total disc arthroplasty (CTDA) and the published data show controversial results. Objective The purpose of this review is to investigate the prevalence of HO following CTDA by meta-analysis. Methods The literatures were collected from PubMed, Embase and Cochrane library by using keywords as ([disc or disk] and [arthroplasty or replacement]) and (HO or delayed fusion or spontaneous fusion). The original studies were eligible only if the prevalence of HO and of advanced HO (Grade 3-4 according to McAfee) were investigated. A meta-analysis was then performed on collected data. Statistical heterogeneity across the various trials was tested using Cochran's Q, statistic and in the case of heterogeneity a random effect model was used. Tests of publication bias and sensitivity analysis were also performed. Results Our data showed that the pooled prevalence of HO was 44.6% (95% confidence interval (CI), 37.2-45.6%) 12 months after CTDA and 58.2% (95% CI, 29.7-86.8%) 24 months after CTDA, while the advanced HO was 11.1% (95% CI, 5.5-16.7%) and 16.7% (95% CI, 4.6-28.9%), respectively. A significant heterogeneity was obtained. There was no publication bias and individual study had no significant effect on the pooled prevalence estimate.
Introduction
Anterior cervical discetomy and fusion (ACDF) is a widely accepted intervention for patients with cervical radiculopathy and/or myelopathy who had not responded to conservative treatment [1] . However as a consequence of ACDF, there has been increased reported on adjacent segment degeneration (ASD) [2] [3] [4] . Although it is not confirmed that ASD resulted from the natural progression of degenerative disc-disease, it has been recognized that fusion causes increased stress at the adjacent levels [5, 6] . So the cervical total disc arthroplasty (CTDA) after anterior discectomy and decompression has been proposed alternatively to decrease the incidence of ASD through motion preservation at both the index and the adjacent segment [7] [8] [9] .
Heterotopic ossification (HO) is a well-known complication following total hip and knee arthroplasty [10] [11] [12] . It has been considered to hinder the movement of large joint arthroplasty, and to be a main cause of prosthesis to lose the function. McAfee et al. [13] have described and classified HO after total lumbar disc arthroplasty. Their reports showed the prevalence of HO following total lumbar disc arthroplatsy ranged from 1.4 to 15.2% [13] . However, the incidence of HO after CTDA is still under debate. Several groups have reported the prevalence of HO [14, 15] , but the results appear controversial. Some studies documented a high incidence of HO following cervical disc arthroplasty [14] , while others reported a relatively low incidence [15] . The purpose of the present study is to investigate the incidence of HO in the first 2 years after CTDA in the literature.
Methods

Search strategy
This review was performed based on the standard MOOSE guideline [16] . The literatures were collected from database of PubMed, Embase and Cochrane library ending July 15 2010. The searching string was applied as ([disc or disk] and [arthroplasty or replacement]) and (HO or delayed fusion or spontaneous fusion). The papers eliminated from our data collection were: the papers in non-English publication, papers that focused on lumbar disc arthroplasty, inappropriate topics and review articles as well as case reports. Then from the chosen papers, that did not evaluate the HO as well as the report using the same group of patients, were also excluded. Finally from the remaining articles, the specific exclusion criteria were applied to exclude the study which has samples less than 20 cases, and/or follow-up less than 6 months, and/or the inclusion/ exclusion criteria not clearly declared, and/or reporting improper group. We did not collect unpublished data.
Data collection
We recorded following information from each report: country that surgery was performed, published date, number of patients, total segment numbers of disc arthroplasty, criteria on grading HO, prevalence of total HO, prevalence of advanced HO (grade 3-4 according to McAfee et al. [13] ), and follow-up periods. The other data, such as mean age of patient population, gender rate, type of prosthesis, single or multi level disc arthroplasty, and whether nonsteroid anti-inflammatory drugs (NSAIDS) were used to prevent HO, were also collected.
Quality rating
A published quality system was used to evaluate each study independently, based on a 5-point scale [17] . (1) The clarity of definition of ''heterotopic ossification;'' (2) the representativeness of the patients' sample; (3) the credibility of diagnostic criteria of HO; (4) the credibility of diagnostic evaluation: confirm the diagnosis by CT scan; (5) the completeness of outcomes. Quality rated from 1 to 5 using published criteria [17] with one being best and five being worst quality. To avoid introducing bias, we only used articles matching our criteria in the analysis, and used the quality rating to explore the study quality on prevalence values [18] .
Heterogeneity test and statistical analysis
In the present study, Cochran's Q statistic was used to test the heterogeneity of the selected studies. However, because the test is susceptible to the number of trials included in the metaanalysis, we also calculated I 2 [19] . I 2 , directly calculated from the Q statistic (I 2 = 100% 9 [Q -df]/Q), describes the percentage of variation across the studies that is due to heterogeneity rather than change. When I 2 is \25%, low heterogeneity is assumed, and the effect is thought to be due to change. Conversely, when I 2 exceed 25%, then heterogeneity is thought to exist, and the effect is random. We performed publication bias test using the funnel plots method and Begg rank correlation method, as well as Egger weighted regression method by prevalence of total HO and advanced HO. To evaluate the influence of particular article on the pooled estimate, sensitivity analysis (influence analysis) was also performed by which the pooled estimate was calculated by omitting one study each time. Meta-regression was used to analyze the probable origin of heterogeneity by disc arthroplasty level (single-or multi level), the published date of the study and the followup periods. All reported confidence intervals (CIs) represented 95% CIs. The statistical analysis was performed by software STATA (Version 10.0).
Results
The procedure of data collection is summarized in Fig. 1 . Through our search strategy, totally 61 articles were retrieved, and 20 of them were reviewed in the full text format. Finally, eight [14, 15, [20] [21] [22] [23] [24] [25] of them matched the inclusion criteria. All these included studies showed the prevalence of HO 12 or 24 months after surgery of CTDA, except one study [20] which evaluated HO prevalence 11 months after surgery. But we still collected this report and assumed it as 12 months. We then separated these articles into 12 and 24 months' group following CTDA. There was one article [23] where the HO prevalence was evaluated in 12, 24 and 48 months. So we collected it in both the groups. From each article the prevalence of total HO and advanced HO in both groups was extracted. The study did not evaluate either of the parameters was excluded from corresponding analysis group. Meanwhile, the study reported zero value of prevalence, which could not be used to calculate pooled data, was also excluded from the analysis group. The summarized information for each study is listed in Table 1 .
Prevalence of HO 12 months after surgery Among all articles, there are five studies [14, 15, 20, 21, 23] , which reported the prevalence of total HO and advanced HO 12 months after CTDA, were analyzed based on our criteria. Our data showed that the occurrence of total HO ranged from 17.8 to 72.3% while the pooled prevalence was 44.6% (95% CI, 37.2-45.6%) analyzed by random effect model (Fig. 2) . The occurrence of advanced HO ranged from 4.2 to 23.1%, and the pooled prevalence was 11.1% (95% CI, 5.5-16.7%). In Fig. 3 and Table 4 , the funnel plots, Begg's and Egger's methods show negligible evidence of publication bias ( Fig. 3; Tables 2, 3, 4, 5) .
Prevalence of HO 24 months after surgery
There are three studies [23] [24] [25] reporting the prevalence of both total and advanced HO 24 months after CTDA. We showed here the occurrence of total HO ranged from 28.8% up to 78.5% and the pooled prevalence was 58.2% (95% CI, 29.7-86.8%) by random effect model (Fig. 2) . The occurrence of advanced HO ranged from 8.5 to 32.3%, and the pooled prevalence was 16.7% (95% CI, 4.6-28.9%). Similarly to 12 months' group, the funnel plots, Begg's and Egger's methods showed negligible evidence of publication bias ( Fig. 3; Table 4 ).
Sensitivity analysis
Through sensitivity analysis, the present study showed that no individual study had marked effect on the pooled prevalence.
Meta-regression
Meta-regression (Table 4 ) demonstrated that the disc arthroplasty level (single-or multi level), the year of publication and follow-up period did not affect the heterogeneity significantly.
Discussion
The overall outcomes of CTDA were promising compared to ACDF [7, 9] , and several studies with randomized controlled trials (RCT) have demonstrated a comparable or even better clinical result in the group of CTDA than that in the control groups treated with ACDF [7] [8] [9] . However, due to the ultimate consequence of arthrodesis which results in the loss of movement of the prosthesis, increasing reports started to focus on HO after arthroplasty. As a wellknown complication of total hip and knee arthroplasty, HO following total cervical disc arthroplasty is limitedly studied, especially with the large sample and randomized controlled trials. There was a study which indicated that HO is less important in the absence of clinical deterioration [26, 27] , while others believed a fused implant in an incorrect position would likely result in overload of the adjacent segment, even worse than ACDF segment [22] .
The reported prevalence of HO following total hip arthroplasty ranged from 30.9 to 57% [10, 11, 28] . Based on a large sample prospective study [29] , the prevalence of HO 24 months after total lumbar disc arthroplasty was 4.3%, while the prevalence of advanced HO was zero. Compared to above reports, we showed in the present study that the pooled prevalence of total HO is around 44.6% 12 months after CTDA and 58.2% at 24 months. Among this, morbidity of advanced HO is 11.1 and 16.7%, respectively, at 12 and 24 months. It suggests that the pooled prevalence of HO after CTDA is similar to that of total hip arthroplasty, but much higher than that of total lumbar disc arthroplasty. Although the HO prevalence decreased apparently compared with before [30] and HO was reported not to be related with the hinder of clinical improvement [14, 15, [20] [21] [22] [23] [24] [25] , this result will challenge the principal advantage of cervical arthroplasty to improve the activity of cervical vertebra since advanced HO mostly correlated with loss of function of the implanted prosthesis [14, 15, [23] [24] [25] . But till now, no evidence has shown how many mild HO would finally develop to advanced HO, even spontaneous fusion. In addition, there was also no data to assert that non-symptomatic HO indeed has no negative effect on the adjacent segments in the long term. In another words, the potential complications of HO will be against fundamental goal of the CTDA. The detailed mechanism of ectopic bone formation around joint arthroplasty has not been elucidated yet. Tortolani et al. [29] indicated that the relative low incidence of HO after lumbar arthroplasty was due to minimal retraction and no splitting of the ''periarticular'' muscle, the iliopsoas. Limited motion of prosthesis might also affect the occurrence of HO [20] . The other study even speculated the existence of somatic or genetic factors on the prevalence of HO [21] . NSAIDs were also reported to be an effective prevention from HO in total hip arthroplasty [31, 32] . However, the most selected publications in our study had no information on the use of NSAIDs (shown in Table 1 ). Thus, further study should be performed to evaluate the effect of NSAIDs on the incidence of HO.
In summary, the present study observed a higher prevalence of HO following CTDA and advanced HO has been shown to indeed limit the activity of cervical vertebra [14, 15, [23] [24] [25] . But we still do not understand the long-term relevance of HO with clinical improvement, since there are still so many confusions on CTDA need to be answered, for example, how many mild HO will develop finally into advanced HO, whether non-symptomatic HO has any effect on the cervical vertebra in the long term, as well as many other important confusions indicated by others [33] . Furthermore, CTDA is also quite expensive for the individual. Based on all these issues, artificial disc in the cervical spine should be applied critically before getting long-term supporting evidences. 
